Mouse mitochondrial malic enzyme [L-mal- Determination of pl of Mitochondrial Malic Enzyme. Mitochondrial pellets were disrupted as described (6), centrifuged at 17,600 X g for 10 min, and heated at 500C for 8 min. After centrifugation for 10 min at 12,000 rpm, the supernatant was applied to a column of ADP-Sepharose (Pharmacia) equilibrated in 50 mM Tris-HCl, pH 7.5/25 mM KCI/1% Triton X-100. After the column was washed with equilibration buffer, the enzyme was eluted with NADP+ at 500 ug/ml, dialyzed, and applied to a 10-nml isoelectric focusing column containing a 5-50% sucrose gradient and 1.1% Ampholines. (2); 3 hr later the mice were killed and their brains were homogenized. Mitochondrial extracts were prepared, heated 8 min at 500C, and centrifuged. The supernatant was applied to a column of NADP+-agarose (P-L Biochemicals) equilibrated in 50 mM Tris-HCI, pH 7.5/25 mM KCI/5 mM MgCl2/1% Triton X-100. The enzyme was eluted with NADP+ at 500 aug/ml. Deoxycholate was added to 1%, followed by an amount of antibody sufficient to precipitate more than 90% of the enzyme present (1). After incubation for 60 min at 370C and overnight on ice, the precipitate was collected by centrifugation and washed three times. It was then dissolved in 9.5 M urea/2% (wt/vol) Nonidet P-40/2% (wt/vol) 2-mercaptoethanol/0.05% sodium dodecyl sulfate, in which it was frozen and thawed two or three times. The sample was applied to an isoelectric focusing gel containing 9.0 M urea, 4.5% (wt/vol) acrylamide, 2% Nonidet P-40, and 2% Ampholines (LKB; 4 vol at pH 6-8; 1 vol at pH 3-10). Focusing was carried out overnight at 400 V and then for 1 hr at 500 V. Gels were removed from their tubes, frozen, sliced, oxidized overnight in 30% H202 at 700C, and assayed in Aquasol (New England Nuclear) in a liquid scintillation spectrometer.
Mitochondrial malic enzyme [L-malate:NADP+ oxidoreductase (oxaloacetate-decarboxylating), EC 1.1.1.40] in mouse brain has been shown to be regulated by a gene (Mdr-1) that is closely linked to the gene (Mod-2) that codes for the enzyme (1, 2) . Inbred strains of genotype Mdr-1 a/Mdr-I a have a 2-to 3fold higher specific enzyme activity than do Mdr-1 b/Mdr4l b animals. The difference in enzyme activity is quantitatively accounted for by the rates of enzyme synthesis in brain (2) . It is of special interest that Mdr-1 has no effect on the expression of Mod-2 in heart (1).
The clear establishment of regulatory activity in cis or trans configurations is a central point in discerning the mechanisms by which enzyme synthesis is genetically regulated in mammals (3) (4) (5) . Since Determination of pl of Mitochondrial Malic Enzyme. Mitochondrial pellets were disrupted as described (6), centrifuged at 17,600 X g for 10 min, and heated at 500C for 8 min. After centrifugation for 10 min at 12,000 rpm, the supernatant was applied to a column of ADP-Sepharose (Pharmacia) equilibrated in 50 mM Tris-HCl, pH 7.5/25 mM KCI/1% Triton X-100. After the column was washed with equilibration buffer, the enzyme was eluted with NADP+ at 500 ug/ml, dialyzed, and applied to a 10-nml isoelectric focusing column containing a 5-50% sucrose gradient and 1.1% Ampholines. (2); 3 hr later the mice were killed and their brains were homogenized. Mitochondrial extracts were prepared, heated 8 min at 500C, and centrifuged. The supernatant was applied to a column of NADP+-agarose (P-L Biochemicals) equilibrated in 50 mM Tris-HCI, pH 7.5/25 mM KCI/5 mM MgCl2/1% Triton X-100. The enzyme was eluted with NADP+ at 500 aug/ml. Deoxycholate was added to 1%, followed by an amount of antibody sufficient to precipitate more than 90% of the enzyme present (1) . After incubation for 60 min at 370C and overnight on ice, the precipitate was collected by centrifugation and washed three times. It was then dissolved in 9.5 M urea/2% (wt/vol) Nonidet P-40/2% (wt/vol) 2-mercaptoethanol/0.05% sodium dodecyl sulfate, in which it was frozen and thawed two or three times. The sample was applied to an isoelectric focusing gel containing 9.0 M urea, 4 .5% (wt/vol) acrylamide, 2% Nonidet P-40, and 2% Ampholines (LKB; 4 vol at pH 6-8; 1 vol at pH 3-10). Focusing was carried out overnight at 400 V and then for 1 hr at 500 V. Gels were removed from their tubes, frozen, sliced, oxidized overnight in 30% H202 at 700C, and assayed in Aquasol (New England Nuclear) in a liquid scintillation spectrometer. Fig. 3 demonstrate that the antibody precipitates enzyme from both types of Mod-2 heterozygote identically. Thus, no selection for tetjramers containing more or less of one type of subunit occurs. It should also be noted that the results in Fig. 2C , clearly demonstrating equal incorporation into both types of subunit when both Mod-2 genes are associated with Mdr-l a, rule out the possibility of the data in regulates the rate of synthesis of the Mod-2 gene product by action in the cis configuration.
DISCUSSION
The tissue-specific action of Mdr-1 (1) in controlling the expression of Mod-2 is a key feature of this locus. Previous characterization of the enzyme from brain and heart (1), the demonstration that c-locus deletions including Mod-2 give an identical gene dosage effect on the enzyme in heart and brain (2) , and the results given in this report showing that an electrophoretic variant of the enzyme known to be expressed in heart is the form expressed in brain provide proof that both heart and brain express the same structural gene. Furthermore, Mod-2bkcoded subunits-may be associated with either Mdr-1a or Mdr-1 b. It is thus unlikely that any coding sequences of Mod-2 are involved in the regulation of subunit synthesis.
Previous experiments designed to detect cis or trans activity of regulatory loci in maize (9) , Drosophila (10) , and the mouse (11, 12) The key factor to be considered in the present work is whether the two peaks observed are in fact the malic enzyme subunits, because catalytic activity is not demonstrable under the focusing conditions used. Both the magnitude and direction of the difference in pI between the peaks are totally consistent with the pI values determined for the active enzyme (Fig. 1) . Sodium dodecyl sulfate gel electrophoresis of the immune precipitates shows only one peak of radioactivity, as was described for Mod-2b/Mod-2b (2) whose mobility corresponds exactly to that of the subunit from the pure enzyme (1, 2) . Two peaks are seen only in Mod-2a/Mod-2b heterozygotes (Fig. 2) .
Taken together, these observations establish that the two peaks seen in heterozygotes are enzyme subunits. In addition, they provide support for the idea that the enzyme in Mod-2 homozygotes consists of four identical polypeptide chains, because both types of homozygote show only one band on gels that separate on the basis of either charge or molecular weight.
Although 
